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§ 15. Spatial Structure of Current Sheet in 
Steady Collisionless Driven Reconnection 
Horiuchi, R., Sato, T., 
Pei, W.B. (lnst. Appl. Phys . Compo Math.) 
Dynamical behavior of collisionless driven 
reconnect ion in an open system is investigated 
by means of two-dimensional electromagnetic 
full particle simulation[1-3]. Simulation starts 
from 1D Harris equilibrium under the assump-
tion that an initial spatial scale of current pro-
file is L ~ 3Pi and the input window size at the 
upstream boundary is narrow ( Xd = 18pi ). 
Figure 1 plots the time evolution of the pro-
files of current density j z (top) and electron 
number density ne ( bottom) along the ver-
tical axis. In the initial growing phase the 
width of the current sheet is compressed by 
the plasma flowing in through the upstream 
boundaries. Collisionless reconnection is trig-
gered when the current sheet becomes as thin 
as the ion kinetic scale (ion meandering scale). 
After experiencing the early transient phase, 
the system relaxes into a steady state with a 
constant profile. The current density takes a 
single-peak profile with a half-width equal to 
an ion meandering scale lmi' while the electron 
number density takes a two-peak profile with 
a peak-to-peak distance equal to lmi' The two-
peak profiles can be explained from the fact 
that the transit time for a meandering ion to 
pass the same distance in y direction is longer 
near the turning point than near the neutral 
line. 
Figure 2 shows the spatial profiles of (a) 
Ey , -uezBx, and -UizBx, and (b) U ez , Uiz, 
-cEy/ Bx along the vertical line passing the 
reconnect ion point in the steady state. It is 
evident that the dissipation region has a two-
scale structure underlying the quite different 
characteristic scale lengths of electron and ion 
dynamics. The ion motion decouples from the 
magnetic field due to the inertia effect within a 
region of Iyl :::; c/ Wpi (r--.J 40AdO r--.J 2lmi ) while the 
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Fig. 1. Time evolution of the profiles of jz 
( top) and ne (bottom) along the vertical axis. 
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Fig. 2. Spatial profiles of (a) E y , -uezBx, and 
-UizBx, and (b) Uez , Uiz, and -cEy/ Bx. 
electrons remain frozen in the magnetic field 
until they enter a region of scale c/wpe which 
is slight larger than lme. Although the ion in-
ertia is responsible for breaking the frozen-in 
constraint, the spatial structure of the current 
sheet in the steady state is exclusively con-
trolled by the dynamics of meandering ions. 
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